o REPORTS included goat antibody to rat CD4, CD8, and F480; hamster antibody to mouse TCRc and TCRy8 (PharMingen); rat antibody to mouse 37 integrin (PharMingen); sheep antibody to mouse IgA (Sigma); donkey antibody to mouse IgG (Jackson ImmunoResearch); rat antibody to MHC class 11 (OX-3; Serotec); and rabbit antibody to P-catenin (2 firing in visual signaling, we used a microelectrode array to record simultaneously the spike trains of 30 to 50 ganglion cells in an isolated salamander retina (7). This preparation contains large hardy neurons and has been used extensively to study the cellular mechanisms of retinal processing. Figure IA illustrates the responses of two nearby neurons to spatially uniform illumination that regularly switched between two intensity levels. Although each cell fired only a few spikes per stimulus period, at times that varied by sevetal hundred milliseconds from trial to trial, the spikes from the two cells appeared to be tightly locked to each other in time. The mean firing rate of each neuron was strongly modulated by the periodic stimulus (Fig. 1B) , and as a resuLlt, the correlation function between the two spike trains showed a pronounced periodic component (Fig. IC) . However, this stimulusinduced correlation was dwarfed by a tall peak near zero delay, with a full width at half maximum of only 20 ms (Fig. 1D) . This strong tendency to fire in near-synchrony shows that the two neurons did not respond to light independently. To quantify the strength of concerted firing, action potentials from cells 1 and 2 were defined as a spike pair if they occurred within 20 ms of each other. We then computed a correlation index as the number of spike pairs observed divided by the number expected if the two neurons responded independently (8). For the cell pair in Fig. 1,  this index was 12. 4, so that tightly linked pairs of spikes occurred about 12 times more frequently than was expected. Such anomalous pairing accounted for 60% of all spikes generated by cell 1 and 42% of spikes generated by cell 2. We computed correlation functions for all pairs among 32 cells in this retina: 31% of the pairs showed clear evidence of concerted firing, with a correlation peak near zero delay whose shape was similar to that shown in Fig. 1D , tlhough it varied in amplitude. Further statistical analysis revealed that synchronous firing events generally extended over more than two neurons (9). Overall, these patterns of concerted firing accounted for approximately 50% of all action potentials from the recorded sample of ganglion cells. Because the electrode array typically monitored only 10% of the overlying ganglion cells, we probably missed many synchronous firing patterns. Thus, the fractional contribution of concerted firing to the retinal output may well exceed 50%.
To assess the importance of concerted firing in visual signaling, we used a microelectrode array to record simultaneously the spike trains of 30 to 50 ganglion cells in an isolated salamander retina (7). This preparation contains large hardy neurons and has been used extensively to study the cellular mechanisms of retinal processing. Figure IA illustrates the responses of two nearby neurons to spatially uniform illumination that regularly switched between two intensity levels. Although each cell fired only a few spikes per stimulus period, at times that varied by sevetal hundred milliseconds from trial to trial, the spikes from the two cells appeared to be tightly locked to each other in time. The mean firing rate of each neuron was strongly modulated by the periodic stimulus (Fig. 1B) , and as a resuLlt, the correlation function between the two spike trains showed a pronounced periodic component (Fig. IC) . However, this stimulusinduced correlation was dwarfed by a tall peak near zero delay, with a full width at half maximum of only 20 ms (Fig. 1D ). This strong tendency to fire in near-synchrony shows that the two neurons did not respond to light independently. To quantify the strength of concerted firing, action potentials from cells 1 and 2 were defined as a spike pair if they occurred within 20 ms of each other. We then computed a correlation index as the number of spike pairs observed divided by the number expected if the two neurons responded independently (8). For the cell pair in Fig. 1 , this index was 12.4, so that tightly linked pairs of spikes occurred about 12 times more frequently than was expected. Such anomalous pairing accounted for 60% of all spikes generated by cell 1 and 42% of spikes generated by cell 2. We computed correlation functions for all pairs among 32 cells in this retina: 31% of the pairs showed clear evidence of concerted firing, with a correlation peak near zero delay whose shape was similar to that shown in Fig. 1D , tlhough it varied in amplitude. Further statistical analysis revealed that synchronous firing events generally extended over more than two neurons (9). Overall, these patterns of concerted firing accounted for approximately 50% of all action potentials from the recorded sample of ganglion cells. Because the electrode array typically monitored only 10% of the overlying ganglion cells, we probably missed many synchronous firing patterns. Thus, the fractional contribution of concerted firing to the retinal output may well exceed 50%.
The correlation index varied with the distance between the two neurons' receptive fields (Fig. 2) . It decreased from a maximum of 20 at short distances by a factor of e over 200 pm. In comparison, the centers of these neurons' receptive fields had approximately Gaussian-shaped profiles (10), with an average radius of 120 pm. Concerted firing thus appears to be associated with overlap of receptive-field centers. At distances between 400 and 1000 jim, the correlation index dropped significantly below 1, indicating that more distant cells avoided firing together. When separated by more than 1000 jim, ganglion cells appeared to signal independently as assessed by this test. When the ganglion cells were sorted by functional type (10), it was found that pairs of "fast OFF" cells ( Fig. 2A ) exhibited more synchronous firing than did pairs of "slow OFF" cells ( (1 1, 12) . In all cases, the spike pair was visually driven. Its sensitivity profile was generally smaller than that of the two parent cells and was located in the region of overlap between the two parent receptive fields (Fig. 3) . If the two neurons operated independently, the spike pair's reverse correlation should approximate the sum of the two parent profiles, rather than their intersection (13). Thus, spike pairs encoded information not contained in the individual spike trains of the two parent ganglion cells.
Two ganglion cells with overlapping receptive-field centers share input from a common group of photoreceptors. In some species, stochastic fluctuations within the photoreceptors seem to account for the variation in the retinal response (14) 
. Each cell was classified according to its visual response properties (10). Large dots identify pairs of fast OFF cells (A), slow OFF cells (B), ON cells (C), and pairs composed of an ON and an OFF cell (D). For comparison, the small dots in (A), (B), and (C) identify all ON-ON and OFF-OFF pairs.

REPORTS changes in photoreceptor response kinetics during the shift from cones to rods and adaptation within the rods (15)
. In darkness, the correlation function was of similar shape but was less strongly moduLlated, suggesting tlhat at least part of the dark activity derived from photoreceptor flulctuations similar to tlhose produced by dim flickering light (4). However, the correlation function derived from other cell pairs had a single sharp peak near zero. Its shape was independent of the mean light intensity and persisted uinaltered in darkness (Fig. 4B) , which is inconsistent with an origin in thze slow flulctuations of photoreceptors. This class of correlation functions accounted for the high values of the correlation index in Fig. 2 , and showed a similar distance dependence at all light levels, including darkness.
To produce the sharp peak in the correlation function (Fig. ID) , the inpuLt signal shared by the two observed ganglion cells must consist of very brief events that depolarize the postsynaptic ganglion cells for only 10 to 20 ms. Furtllermore, these depolarizations must be strong, reliably triggering action potentials in both ganglion cells, even though each of them also receives input from other unshared sources. By contrast, the shared input can be loosely coupled to the visual stimulus, with trial-totrial variations in the response time of uIp to several hundred milliseconds in dim light (Fig. 1A) and spontaneous activity in darkness (Fig. 4B) . Given the circuitry of the inner retina, thRis shared inpuLt might be delivered by a bipolar cell, an amacrine cell, or a third ganglion cell (through gap junctions). Bipolar cells produce slow potentials, which are unlikely to trigger precisely synchronous ganglion cell spikes. Action potentials in a third ganglion cell could have the desired effect, but we rarely encountered correlation functions with a dip at zero as would be expected from direct transmission between ganglion cells (5, 16). It appears more likely that the synchronizing input derives from an unobserved spiking neuron, for example, a spiking amacrine cell (3, 17) .
It has been proposed that the primary task of the retina is to reduce redundancy in the messages that encode visual scenes. Redundancy results because nearby points in a natural image are likely to have similar intensities (18) , because the local intensity tends to vary slowly, and because the absorption spectra of different photoreceptor pigments overlap substantially. In this view, lateral inhibition, temporal adaptation, and spectral antagonism all act to produce a more de-correlated and compact representation of the visual scene at the level of the optic nerve (19) . At first sight, the finding of strong correlations among retinal ganglion cells appears to contradict this hypoth- 
